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Abstract 
Despite the increasing interest in the technology, the performance of advanced fabric energy storage 
(FES) systems has not been reported for Australian conditions. The influence of slab thickness and air 
flow rate on the annual thermal load, and maximum heating and cooling demands for a typical office 
module using a ventilated hollow core concrete slab system has been investigated by simulation. 
Airflow through the panels was set at1, 2 or 4 air changes per hour (ACH) for a slab thickness of 205, 
220 or 300 mm. These configurations were simulated using three different control strategies for six 
Australian capital cities. Performance results for Melbourne are presented and discussed in the paper 
and some comments about the performance of the systems in other locations are provided. Overall, 
compared to a conventional AC system, the tempering of incoming fresh air combined with night 
flushing of the FES system appears to be the most successful control strategy. 
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Introduction 
The use of hollow core panels in the floor or ceiling of a building as a store of heat or cold was 
developed in Sweden approximately 30 years ago. Known by several different names, e.g. hypocaust, 
T ermodeck© and advanced fabric energy storage (FES), this technology has been used successfully 
in low energy buildings in several European countries. The hollow-core concrete panels are actively 
incorporated into the heating-cooling system and benefits can be achieved by exploiting the thermal 
capacitance of the concrete. As ventilation air is passed through the panels, its temperature may be 
moderated by the concrete mass, if this is at an advantageous temperature. At night, energy 
absorbed by the advanced FES during the day from occupants, equipment and solar input can be 
removed by flushing with cooler ambient air, providing a source of cold for the next day. 
Figure 1 shows a typical arrangement of an advanced FES system. A typical concrete panel available 
in Australia for FES systems is approximately 7.0 m long and 1.2 m wide. It is 0.2-0.3 m thick and 
contains five or six circular ducts. During the building construction, the ends of the panels are inserted 
into supply manifolds to form the ceiling or floor of the building. Air is forced down the length of the 
first duct of each panel from the manifold and then transferred to the adjacent duct via a short 100 
mm cross duct formed in the dividing concrete web. The air then flows back in the reverse direction in 
the adjacent duct. This flow pattern continues and the air goes up and down through the panel in a 
serpentine fashion. The air exits into the room space via outlet holes in the panel face at one or more 
locations. . 
While the performance of some of the buildings using these systems in cold-climate countries has 
been extensively reported e.g. Winwood et a!. (1977) and Probe Team (1998), these reports often 
lack the detail required for Australian designers. For example, there appear to be no studies that 
identify clearly the contribution of the FES alone to the overall energy savings of the building. 
Although energy savings are sometimes reported, all FES systems have been incorporated in 
buildings which include a number of other energy saving strategies and therefore it was not clear what 
level of saving could be attributed to the FES itself. The seasonal effect of an advanced FES on both 
heating and cooling is also not reported. European studies are primarily concerned with heating, 
rather than cooling, which is more likely to be the main benefit in Australia. The effect of changing 
panel thickness or the air flow rate on performance is not well documented and finally the effect of 
using different strategies to control the air flow through the panels is not available in the public 
literature. An inappropriate control strategy has proved to be one of the most frequent causes of 
problems using this technology. 
Figure 1 Schematic representation of typical advanced FES system 
The use and performance in warm-climate countries is even less well documented. Although some 
commercial reference to large scale systems installed in Saudi Arabia is available, no independent 
literature describing the systems or their performance has been reported. In recent years, FES 
systems have received some attention from designers and architects in Australia and at least two 
buildings have been constructed using this technology, and several others are in the design stage. 
Analysis of the first of the Australian systems indicates clearly that our industry has little idea of how 
to design and control FES systems effectively (Fuller, 2004). At present, there is no information 
available to advise or guide prospective users of this technology with respect to key system 
parameters and their likely effect on heating and cooling energy requirements. This paper reports on 
work on a project initiated to fill some of the "information gap· surrounding the use of this technology. 
Methodology 
The approach taken has been to use a mathematical model using the commercial building simulation 
software, TRNSYS, which is used extensively by building researchers worldwide. The heat transfer in 
a serpentine flow concrete panel is a complex three dimensional phenomenon and was beyond the 
scope of this project. A simplified approach has therefore been adopted, which should enable relative, 
if not absolute, predictions of the effects on heating and cooling energy requirements to be made. The 
approach is similar to that used by Zmeureanu and Fazio (1988), whose FES model was based on 
two parallel slabs with an air space between them. TRNSYS requires thermal zones to be created 
and then calculates air and surface temperatures within those zones. Normally a zone would 
represent one or a number of connected rooms or even a whole building. In this case, we have 
created a thin zone, equivalent to the total volumetric space described by the hollow cores of the 
panels. In order to adjust for the total volume of concrete, which is a critical determinant of the energy 
storage capacity of the panels, a solid concrete zpne has been located adjacent to this zone. These 
two zones have been 'located' above the office to be conditioned. Details of the office module are 
given in Table 1 and Figure 2 illustrates the approach taken. 
Scope of Investigation 
Various simulations were made using the approach described above to investigate the effect of slab 
thickness, airflow rate and control strategy. Fan energy consumption was not i Three different slab 
thicknesses were used - 205, 220 and 300 mm - which are typical of the sizes used in an advanced 
FES. Three different room air changes per hour (ACH) were tested - 1, 2 and 4 - to represent the 
flows most likely to be used. Heat transfer coefficients between the air and the internal surfaces of the 
FES were calculated from first principles (Kreith and Bohn, 1986). The effect of climate on 
performance was investigated by running the models described above using climatic data for six 
different capital cities in Australia. These were Melbourne, Sydney, Brisbane, Adelaide, Perth and 
Darwin. Hourly data was used in the form of Typical Meteorological Year (TMY) data from Morrison 
(1980). The different strategies were simulated as follows: 
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System A 
Table 1 Materials, dimensions and assumptions used in the office module 
Room volume: 195 m" 
External wall construction: 150 mm concrete with 13 mm plaster layer 
Internal wall construction: Timber framing with 12 mm cement sheet either side. 
Floor construction: 192 mm thick concrete 
Total external wall area: 26 m" 
Window area: 3.5 m;l 
Glazing: single, 6 mm thick, plain. 
Hours of occupation: 10 (8:00am. to 6:00pm) 
People: 6 
Lights: 10 WI m;l 
Computers: 6 x 50 W 
Infiltration rate: 1 ACH 
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Figure 2 Arrangement of thermal zones used to model hollow core panels 
As a baseline simulations against which to measure the performance of the FES systems, the energy 
requirements (annual energy consumption and peak load) of a conventional air conditioning system 
has been predicted. This system maintains the temperature in the room in the range of 21-24°C. The 
conventional system was simulated with a 205-mm thick concrete slab ceiling and at three different 
ACH. Energy savings predictions of the FES system with thicker slabs have been calculated against 
this thickness because it is unlikely that a typical building would have floors or ceilings thicker than 
205-mm. 
System B 
During the occupied hours, fresh outside air was drawn in and passed through the FES, where the air 
temperature was tempered accordingly. Conventional air conditioning was used, if necessary, to 
maintain the office temperature in the range of 21-24°C. 
System C 
As in System B, but the FES was flushed at night with outside air. Flushing only occurred between the 
hours of 10 pm and 8 am, if the ambient air was at least 2°C below the temperature of the FES. 
Flushing was also restricted to five summer months (November-March) to minimise the possibility of 
unwanted FES cooling, which may in turn lead to increased morning heating. 
System 0 
The slab was maintained at 22-23°C during occupied hours, so that the slab became a constant 
source of radiant heating or cooling. This strategy assumes that the slab will be able to reduce the 
energy required for heating or cooling the air in the office module because the slab will have a 
beneficial effect on the 'operative' temperature. This means that a lower air temperature can be 
maintained in winter because the slab radiates heat to the occupants and a higher air temperature 
can be tolerated in summer because the slab is a source of cold for the office occupants. Because the 
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determination of operative temperatures was beyond the scope of this project, office temperatures 
were 'relaxed' from the original 21-24°C range by one degree in each direction in two stages. Thus, in 
System D energy predictions were also made for the set point temperature ranges of 20-25°C and 19-
26°C respectively. Two heating and cooling systems are required in this system. One of the systems 
maintains the slab at 22.5°C during occupied hours, so that the slab provides a constant source of 
radiant heating or cooling. The other conventional air conditioning makes up the difference. The office 
is maintained in a temperature range of 21-24°C during occupied hours. 
Results and Discussion 
An identical set of tables showing the results of the various simulations described above has been 
produced for each of three FES control strategies and the baseline system for each of the six capital 
cities. Table 1 provides an example of the simulation output produced for Melbourne. In reading and 
understanding the results in the tables, the convention used is that a negative sign indicates that the 
particular system is worse than the conventional system. Figures which are positive (Le. no negative 
sign) perform better than the conventional system against. A brief interpretation of the simulation 
results, with respect to Melbourne, is presented below. 
When Control System B is used, savings in heating and cooling energy are almost always achieved 
for the 220 mm and 300 mm thick slab regardless of the air change rate, and usually savings increase 
with increasing air flow. This system is most effective in reducing heating energy consumption, with 
savings ranging from 2-20%. It can be seen that the highest saving in heating energy consumption 
(20%) is achieved with the thinnest slab and highest air change rate. The highest saving in cooling 
energy (7%), however, is achieved by the thickest slab with highest air change rate. Savings in peak 
heating and cooling loads are less significant, where the maximum saving is 5%. The system's 
performance improves when night flushing is used in combination with fresh air tempering Le. System 
C. Heating energy savings decline, compared to System B because of the removal of some useful 
heat by the night flushing, but cooling energy savings increase significantly. The best performing 
systems (220 and 300 mm thick) have 4 ACH. For Control System D, savings are only predicted (for 
any panel thickness) when the largest acceptable temperature range Le. 19-26oC is assumed. 
It is not possible to identify a "best" system for any particular location. This judgement will depend on 
whether the objective is to reduce energy consumption, greenhouse gas emissions or capital costs. 
For example, in Melbourne, natural gas is typically used for heating, while electricity is used for the 
cooling system. These energy sources have significantly different costs and emission intensities. 
Alternatively, if the objective is to reduce capital costs, this should be reflected in peak load 
requirements and the results may be used to select the "best" system. Selection may also be a 
compromise between these three factors. Percentage savings, used as an indicator of "best" system 
performance must also be used with caution. High percentage reductions were indicated for some 
systems and locations, but the overall amount of energy consumed and the peak load was low. For 
example, the highest saving (57%) for the annual heating load and the largest reduction in peak 
heating load (28%) was obtained for systems in Brisbane. However, the annual heating energy use 
and peak heating load in this location are only 8% and 45% of Melbourne respectively. 
Conclusions 
A computer model has been developed using TRNSYS to predict the energy consumption and peak 
loads for various FES configurations. The performance of these systems, installed in a 60 m2 office 
module, has been predicted for six different climates of Australia. While the predictions should not be 
used in an absolute sense because of differences to actual installations in design and model 
assumptions, they can be used in a relative sense to determine the likely best system for a given 
location. 
The simulations show that FES systems offer either energy and/or peak load savings in almost all 
climates investigated. The exception to this finding was Darwin where the technology appears to be 
unsuitable. Of all the three FES control strategies investigated, the constant temperature-radiant FES 
system is the least promising. Energy savings were only apparent when it was assumed that air 
temperature control could be relaxed from 21-24oC to 19-26oC based on the assumption that 
occupants would feel equally comfortable because of the radiant energy from the 22.50C FES. 
Using the heat or cold stored within the slab to temper incoming fresh air is the common control 
strategy used in the European installations. of FES systems. The savings of this strategy, however, 
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are increased when night flushing of the FES using co()1 night air is added. Compared to conventional 
AC system, this control strategy appears to be the best option, if reductions in heating and cooling 
energy and peak loads are desired. 
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Table 1 Simulation results for Melbourne 
MELBOURNE 
Control Slab Outside Heating Saving Cooling Saving Peak Saving Peak Saving 
Strategies Thickness Air Energy Energy Heating Cooling 
Load Load 
(mm) (ACH) (kWh/m2) % I (kWh/m2) % (W/m2) % (W/m2) % 
S't.stemA 1 25.4 25.0 110.8 106.7 
Conventional AC 205 2 36.4 -43% 23.3 7% 123.7 -12% 115.9 -9% 
set at 21-24°C 4 61.1 -140% 22.4 11% 149.6 -35% 134.3 -26% 
1 21.8 14% 26.4 -5% 107.7 3% 104.8 2% 
205 2 30.6 16% 23.8 -2% 119.8 3% 115.7 0% 
4 49.1 20% 22.1 1% 141.6 5% 131.2 2% 
S't.stem B 1 23.3 8% 24.9 1% 109.7 1% 108.3 -1% Outside air 
tempering + 220 2 31.~ 15% 23.3 0% 120.2 3% 115.5 0% 
conventional AC 4 49.6 19% 21.5 4% 142.1 5% 130.7 3% 
1 24.8 2% 23.7 5% 112.7 -2% 107.9 -1% 
300 2 32.8 10% 22.3 4% 123.4 0% 115.2 1% 
4 51.6 16% 20.9 7% 145.5 3% 130.3 3% 
1 23.5 8% 23.9 5% 109.3 1% 106.3 0% 
205 2 31.8 13% 21.6 7% 119.7 3% 112.4 3% 
S't.stem C 4 51.7 15% 19.5 13% 141.6 5% 126.3 6% 
Outside air 1 23.8 6% 23.2 8% 109.7 1% 106.1 1% 
tempering + 220 2 32.3 11% 20.8 11% 120.1 3% 111.8 4% 
conventional AC 4 52.5 14% 18.8 16% 142.1 5% 125.2 7% 
+ Night Flushing 1 25.4 0% 21.9 13% 112.7 -2% 105.3 1% 
300 2 34.2 6% 19.7 16% 123.4 0% 110.9 4% 
4 54.8 10% 17.9 20% 145.5 3% 123.6 8% 
Setpoint 
21-24°C 32.0 -26% 29.0 -16% 128.5 -16% 117.7 -10% 
205 20-25°C 26.5 -4% 24.1 4% 116.6 -5% 111.9 -5% 
S't.stemD 19-26°C 22.5 11% 20.4 18% 104.8 5% 106.2 0% 21-24°C 33.1 -30% 28.1 -12% 130.0 -17% 118.0 -11% Constant slab 
temperature 220 20-25°C 27.5 -8% 23.3 7% 118.0 -7% 112.1 -5% 
22.5°C 19-26°C 23.4 8% 19.6 22% 106.0 4% 106.3 0% 
21-24°C 33.6 -32% 26.0 -4% 129.0 -16% 115.8 -9% 
300 20-25°C 27.5 -8% 21.2 15% 116.8 -5% 109.7 -3% 
19-26°C 22.9 10% 17.5 30% 104.5 6% 103.6 3% 
6 
